Background. Multiple cases of paralysis, often resulting in death, occurred among young adults during a wild poliovirus (WPV) type 1 outbreak in Pointe Noire, Republic of Congo, in 2010. We conducted an investigation to identify factors associated with fatal outcomes among persons with poliomyelitis in Pointe Noire.
In 2010, remarkable progress was made in reducing the number of wild-type poliomyelitis virus (WPV) cases in countries that have never eliminated the virus. As progress accelerates toward interrupting transmission in polio-endemic areas, a greater percentage of WPV cases are from outbreaks in previously polio-free countries. In 2010, >80% of the 1291 reported WPV cases were from countries where polio is not endemic [1] .
These outbreaks may be large and explosive and pose a risk to the success of the Global Polio Eradication Initiative, and are often associated with significantly higher case-fatality rates (CFRs) than in endemic areas [2] [3] [4] .
In October 2010, physicians in Pointe Noire, the second largest city in the Republic of Congo (ROC), noted numerous cases of acute flaccid paralysis (AFP) among young adults, which often progressed rapidly to quadriplegia and death. WPV type 1 was confirmed as the cause of the outbreak on 4 November 2010 [2] . Despite the presence of WPV in neighboring Democratic Republic of Congo (DRC) since 2006 and Angola since 2005, no confirmed poliomyelitis cases had been reported in ROC since 2000.
Polio outbreaks primarily involving adults are relatively rare, most recently occurring in Albania in 1996 [3] and Namibia in 2006 [4] . The ROC outbreak was also remarkable for its size, with 445 polio cases reported during September 2010-January 2011, and for a very high CFR in the Pointe Noire region. Of the 390 persons from the region reported to have polio, 47% died, compared to 20% of the 55 reported cases in the rest of the ROC. In general, poliomyelitis infection is more severe in adults, but the CFR in this outbreak was higher than in other large outbreaks among adults [3, 4] . To better understand the risk factors for death among persons with poliomyelitis, the US Centers for Disease Control and Prevention (CDC), World Health Organization (WHO), and Ministry of Health of the ROC conducted an investigation in Pointe Noire.
METHODS

Investigation Setting and Population
The ROC is a Central African country of 4.1 million people bordering Gabon, Cameroon, the Central African Republic, DRC, and the Angolan province of Cabinda. Children aged <15 years make up 43% of the population [5] . Pointe Noire, with an estimated population of 770 299, is located on the Atlantic coast near Cabinda and is divided into the 4 arrondissements (administrative districts) of Loandjili, Lumumba, MvouMvou, and Tie-Tie. In the 2005 Congo Demographic and Health Survey, coverage with 3 doses of oral polio vaccine (OPV3) in children aged 12-23 months in Pointe Noire was estimated at 81% (based on immunization card or maternal recall) [5] . Reported national OPV3 coverage based on the WHO/UNICEF joint reporting form was 91% in 2009, up from 32% in 2001 [6] .
Case Ascertainment
Persons with AFP reported to the Pointe Noire Department of Health during 7 October-7 December 2010 who were residents of Pointe Noire or hospitalized in Pointe Noire were included in this study. Beginning in October 2010, persons suspected to have AFP presenting for medical care in Pointe Noire were triaged to 2 tertiary care hospitals.
Case Investigation
Clinical and epidemiological information on AFP cases was abstracted from medical records, hospital databases, and AFP case investigation forms. Information from these sources included person-level variables: age, sex, arrondissement of residence, symptom onset date, hospitalization date, selected medications received in hospital, and outcome. Further data, including household demographics and additional personlevel data on vaccination history, medical history, treatments received before and after illness onset, travel history, and access to water and sanitation facilities, were sought through interviews with persons with AFP or appropriate representative using a standard study instrument. These persons or an appropriate representative were located based on residence data available from hospital records or AFP case investigation forms. Data were collected by trained interviewers after explanation of the purpose of the investigation and obtaining informed consent. The accuracy of the collected information was verified by supervisors who reinterviewed persons to confirm the answers to a subset of questions; supervisors also collected global position satellite (GPS) coordinates of the place of residence. Ethical approval for the investigation was given by the National Ethics Committee of the ROC. The activities involved in this investigation were deemed a public health emergency response and therefore were not subject to review by a CDC institutional review board.
Definitions
A case of polio was defined as disease in a person with AFP for whom a stool specimen tested positive for WPV by virology or for whom the case was determined to be polio-compatible by the National Polio Expert Committee (NPEC) of the ROC after the standard 60-day follow-up examination. Persons with AFP who tested negative for poliovirus on adequately collected stool specimens or who were judged by the NPEC to not be polio-compatible were defined as nonpolio cases and excluded from analyses. Fatal polio cases were defined as deaths in persons with polio that occurred between AFP onset and interview or 60-day follow-up examination. Nonfatal polio cases were defined as survival in persons with polio at the time of interview or at 60-day follow-up examination. An appropriate representative was defined as an adult who lived in the same household as the person with AFP for at least 30 days before paralysis onset and who was either (a) the spouse or domestic partner of the person; (b) the parent or legal guardian of a minor aged <15 years; or (c) another adult member of the household with at least daily contact with the person. In keeping with definitions used in previous polio outbreaks, age ≥15 years was used to define adults [4, 7] .
Data Management and Analysis
The analysis consisted of 3 parts. First, univariate associations between mortality and person-level characteristics for all persons with polio were explored by estimating odds ratios (ORs) and 95% confidence intervals (CIs) using a logistic regression model. Second, person-level characteristics of the cases for which follow-up interviews were conducted were compared with person-level characteristics of cases for which neither the person with polio nor an appropriate representative were available for follow-up interview. Comparisons were made using χ 2 or Fisher exact tests for categorical variables and the Wilcoxon rank-sum test for continuous variables.
Third, household-level data available on the cases with followup interviews were used to explore associations with mortality using both univariate and multivariable logistic regression to estimate ORs and 95% CIs. Statistical significance was defined as a P value <.05. Analysis was conducted using SAS software, version 9.2 (SAS Institute, Cary, North Carolina).
RESULTS
Of the 472 AFP cases reported to the Pointe Noire Department of Health during 7 October-7 December 2010, 369 were classified as laboratory-confirmed polio or polio-compatible cases. Median age of persons with polio was 22 years (range, 0-63). Twenty-one percent of cases were in children aged <15 years and 32% were female. Persons aged >15 years were more likely to die; sex, arrondissement, treatment hospital, and time to care were not associated with survival (Table 1) . At one hospital a significant proportion of patients were treated with the neuraminidase inhibitor oseltamivir because the underlying etiology of the disease was initially unclear and a stockpile of the medication was available owing to the recent H1N1 pandemic. Treatment with oseltamivir was not associated with survival nor was treatment with steroids, the other medication for which information on all polio patients was available from hospital databases. Ninety-seven of those with polio were available for interview in-person or with an appropriate representative. One of these was excluded from the analysis because of conflicting information on survival status between our investigation and information in the national polio database. Therefore, the final population for whom detailed information was available for analysis was 96 (26% of eligible) persons with polio.
Cases for whom the person with polio or a representative were interviewed were similar to those who were not interviewed in terms of age, sex, treatment hospital, time to receipt of medical care, and outcome; however, the place of residence differed between the 2 groups ( Table 2) . Fifty-two (54%) of the interviewed cases died compared to 49% of those who were not interviewed (P = .39). No obvious clustering of fatal cases was apparent based on GPS coordinates of households ( Figure 1) .
For interviewed persons with AFP, the mortality rate among those aged <15 years was 29% compared with 61% among those aged ≥15 years (Table 3 ). There were no significant differences in mortality by sex, arrondissement, marital status, profession, travel history, and use of alcohol, tobacco, or other drugs (data not shown). Among children, mortality did not vary significantly by polio vaccination history (median 3 doses of OPV for survivors and nonsurvivors); vaccination history by either card or recall was missing for 56% of adults. For adults and children with known vaccination status, 90% of survivors and 81% of nonsurvivors had reportedly received at least 1 dose of polio vaccine (P = .47), and 68% of survivors and 58% of nonsurvivors had received ≥3 doses of OPV (P = .47). Presenting symptoms, with the exception of quadriplegia, were similar between survivors and nonsurvivors; however, documentation of the presence or absence of signs of bulbar paralysis was usually missing. Treatment with intravenous or intramuscular injections before paralysis onset, or antibiotics, steroids, vitamin B complex afterward, was not associated with higher mortality (Table 3) . Past medical histories and current medical conditions were similar for survivors and nonsurvivors (data not shown). Recent surgeries, including tonsillectomy, were uncommon in both groups.
Household size was not associated with a higher CFR (median household size 6 people for both groups), but fatal cases were more likely to occur in people living in homes with ≤2 rooms (Table 3 ). This association persisted despite adjustment for potential proxies of socioeconomic status such as home ownership, employment status, occupation, housing material, type of toilet facilities, time to hospital care, or place of residence (data not shown). People using a public pit compared to other options such as an indoor toilet or latrine had a higher CFR (Table 3) . Use of a covered well as the usual primary source of drinking water was associated with a higher likelihood of death, although this association was not statistically significant (OR, 2.20 [95% CI, .92-5.29]). During September and October 2011, Pointe Noire experienced repeated disruptions to the water supply. This period of water shortage was particularly intense in the arrondissements of Loandjili and Tie-Tie, which are further from the center of town and at higher elevation than Lumumba and MvouMvou. Persons who used wells as a source for drinking water during this period were more likely to die compared with people who obtained their drinking water from other sources such as boreholes, home or public tap, or bottled water (Table 3) . In multivariable analysis, no apparent interaction was seen between type of toilet facilities, home ownership, location of residence, home material, and the association of well water usage during the shortage period and mortality. Similarly, stratifying by use of an improved toilet facility or location did not alter the relationship between well water use and mortality (data not shown). There was a nonsignificant increase in the OR for death among individuals not using adequate water treatment methods (OR, 1.90 [95% CI, .84-4.31]); this association was significant among the subset of people who reported using well water during the water shortage (OR, 3.78 [95% CI, 1.37-10.45]). Seventy-eight case patients had complete data for variables significant on univariate analysis and were included in the regression analysis. Three variables-age ≥15 years, use of a covered well during water shortage, and small home size-remained as risk factors for death in the model after stepwise selection (Table 3 ). Restricting the model to patients aged ≥15 years did not change the variables that remained in the model or change the point estimate of the OR by >10% (data not shown).
DISCUSSION
Our investigation revealed several factors associated with death in Pointe Noire including older age, smaller house size, and the use of wells as a drinking water source during a water shortage period. In Pointe Noire, 80% of polio cases and 82% of fatal cases occurred in people aged ≥15 years. This suggests a significant poliomyelitis immunity gap among adolescents and adults in this area.
Age is known to influence the clinical manifestations and severity of poliomyelitis infection. Reviews of cohorts of polio patients in the 1950s showed that people aged ≥15 years of age had an increased rate of bulbospinal paralysis, the most severe form of poliomyelitis [8] [9] [10] [11] . Other studies demonstrated increased mortality due to respiratory muscle paralysis and secondary complications of polio among older polio patients [12] [13] [14] [15] [16] [17] .
This outbreak is one of an increasing number involving older aged patients in developing countries; similar to the pattern seen in the middle of the 20th century in developed countries [18] . Mortality rates in these outbreaks have been high, particularly in African countries for unclear reasons [2, 4, 7] . In the Americas and Europe, tonsillectomy [19, 20] and recent intramuscular injections [21, 22] were identified as risk factors for increased severity of polio infections. These were not apparent in this outbreak.
Two household characteristics were identified as risk factors for death in this outbreak: living in a house with ≤2 rooms and obtaining drinking water from a covered well during a water shortage period. The association between smaller house size and increased mortality might reflect lower socioeconomic status or greater intensity of exposure to virus in a crowded living space. Nielsen and colleagues have argued that larger family size, secondary case status, and later birth order results in exposure to a greater dose of virus, resulting in more severe disease [23, 24] .
Poliomyelitis is frequently mentioned as a possible candidate for water-borne transmission, but direct evidence for infection via contaminated water is scarce. In a 1947 outbreak, a markedly elevated attack rate was documented among 150 children who played in a particular pool of water compared with other children [25] . Contamination of drinking-water wells by enteroviruses has been documented [26] [27] [28] , including the detection of poliomyelitis virus during an outbreak of gastroenteritis [29] . Clinical and subclinical enterovirus infection has been associated with drinking contaminated well or unpurified water [30] [31] [32] , but with less frequency than for other enteric viruses such as hepatitis A.
Indirect evidence for the role of contaminated water in polio transmission came from a detailed investigation of a 1952 outbreak [33] . During a 5-week period, 20 people out of a population of 1142 in a student housing area developed paralytic polio. Eight days before the start of the epidemic, a principal water main break severely impaired water service to the community; resulting in extreme fluctuations in water pressure. Ninety-five percent of the clinical cases in this homogenous, freely mixing community were concentrated at the farthest point from the water intake for the area, where the fluctuation in water pressure was greatest and the bacterial counts in the water highest upon environmental testing. This led investigators to conclude that the most likely cause of the outbreak was fecal contamination of drinking water [33, 34] . In a subsequent study, investigators found evidence suggesting that mode of transmission affected not only risk of infection but also severity of disease, possibly from exposure to large viral doses during repeated ingestion of contaminated water [34] . Although evidence of a dose-response effect of poliovirus in humans has not been shown, Sabin demonstrated such an effect in a primate model of poliovirus infection [35] .
Our study had several limitations, the most significant being that because of frequent migration in this area, only a quarter of the eligible population was located for interview. Whereas demographic and medical data were available for persons with polio for whom interviews were not conducted, household-level risk factors were obtainable only via in-person interview. Persons with polio for whom interviews were conducted differed from those for whom interviews were not conducted by location and possibly in other important unmeasured variables; this could potentially bias our results and limit the generalizability of our findings. An additional limitation was the frequent lack of detailed medical records for patients during this epidemic. Important details about the clinical course of illness for individual patients such as the progression of paralysis, development of signs of bulbar paralysis or respiratory distress, detailed past medical history, and provision of medical interventions such as assisted ventilation were often missing. Thus, we were not able to evaluate associations between medical interventions and survival, nor could we determine the exact cause of death for most patients. Finally, the low percentage of persons with reported AFP with adequate stool collection may have resulted in misclassification both of nonpolio cases as polio and true polio cases as nonpolio with unpredictable effects on the direction of bias. As variables for household-level risk factors were collected on only a minority of polio case patients, the association between drinking well water and elevated CFR in our study should be interpreted cautiously as this may represent chance association or selection bias. However, the possibility that contaminated drinking water can influence the propagation or severity of polio outbreaks should be further explored given the potential implications for the many high-risk polio countries that lack widespread access to safe water. Rapid environmental testing of water supplies early in polio outbreaks should be considered, and the status of water and sanitation conditions more consistently included in national and subnational polio reimportation and outbreak risk assessment planning.
This outbreak demonstrates the risk that polio continues to pose in countries where polio is not endemic, and to the overall eradication effort. In many parts of the world without indigenous polio, routine immunization services remain weak and supplemental immunization activities are underemphasized, underfunded, and infrequent. Consequently, large segments of the population, including age groups not routinely targeted for polio vaccination, are susceptible to polio infection upon reintroduction of the virus. As has been previously recommended [36] , serological surveys to gauge underlying population immunity gaps to polio and possibly conducting proactive vaccination campaigns when such gaps are found may be appropriate in certain high-risk countries. Further epidemics among older age groups, likely with a resultant high mortality rate as seen in this outbreak, pose an increasing risk with any further delay in polio eradication. Physicians and public health staff should be cognizant of this possibility, and surveillance for potential polio cases and outbreak responses rapidly tailored to the epidemiological circumstances.
Notes
